Introduction: Although exercise and strength training have been shown to be protective against falls in older adults (aged 65 years and older), evidence for the role of leisure-time physical activity (LTPA) in the prevention of falls and resulting injuries in middle-aged adults (aged 45-64 years) is lacking. In the present study, we investigate the association between self-reported engagement in LTPA and the frequency of falls and fall-related injuries among middle-aged and older adults, while controlling for key sociodemographic and health characteristics.
Introduction I n the U.S., falls are the leading cause of non-fatal injuries treated in hospital emergency departments in every age stratum except 15-24 years. 1 Falls are also the third leading cause of unintentional injury deaths among those aged 45-64 years. 2, 3 Secular trends suggest an increasing burden of injuries from falls leading to emergency room visits, hospitalizations, and deaths. [4] [5] [6] [7] For example, the 2010 Global Burden of Disease report indicated a marked rise in the rate of falls among adults. 8, 9 The report also showed that annually, falls result in losses of more than 1.16 million disability-adjusted life-years (DALYs) among all U.S. adults, including 422,000 DALYs lost for middle-aged adults, aged 45-64 years, and 606,000 DALYs for adults aged above 65 years. 8, 9 In addition to life-years lost due to an injury and subsequent disability, these events are costly. One U.S. study examining unintentional injuries that occur in the home estimated the total societal costs of these injuries to be approximately U.S. $217 billion. Falls accounted for the largest proportion (42%) of the total cost of these injuries. 10 These data support the notion that falls are not only an issue for older adults but also that there is a need to identify fall prevention strategies that target middle-aged adults to have an overall impact on fall-related injuries and disability.
Current evidence suggests that among older adults (aged 65 years and older), progressive exercise programs focusing on moderate-to high-intensity exercise at a minimum dose of 50 hours over a period of 3 months are among the most effective interventions to prevent falls. 11 Exercise and regular physical activity have also been suggested to be as potentially effective at improving health conditions as drug interventions are for patients with chronic health conditions. [12] [13] [14] [15] [16] However, there has been limited investigation of the association between leisure-time physical activity (LTPA) and falls among middle-aged adults (aged 45-64 years). It is well documented that exercise has a protective effect against falls among older adults. 11, 15, 17, 18 However, it is not known if this effect is similar in middle-aged adults.
In the present study, we used nationally representative U.S. survey data to investigate the association between self-reported engagement in LTPA and the frequency of falls and fall-related injuries among middle-aged adults (grouped into two age strata, 45-54 and 55-64 years) and older adults (aged 65 years and older), while controlling for key sociodemographic and health characteristics. We hypothesized that middle-aged adults who engaged in LTPA would be less likely to report a fall, as well as injuries resulting from a fall, when compared with middle-aged adults who did not engage in LTPA.
Older adults are included in the study to compare the results with middle-aged adults and prior published studies.
Methods

Data Source
Since 1984, the Centers for Disease Control and Prevention have coordinated the Behavioral Risk Factor Surveillance System (BRFSS)-a state-based system of health surveys designed to collect standardized information on risk factors for morbidity and mortality, including questions on falls, injuries, and physical activity. 19 This cross-sectional survey is conducted annually among non-institutionalized adults, aged Z18 years, in all 50 states and U.S. territories. Measures related to physical activity and injury risk are notably of high reliability and validity in the BRFSS. 20, 21 The calculated 2010 BRFSS response rates across states ranged from 39.1% to 68.8% with a median response rate of 54.6%. 22 Information on falls and injuries resulting from falls are assessed from all survey participants aged Z45 years. In the present study, we analyzed in April 2014 the association between self-reported LTPA, falls, and injuries resulting from falls by major age groups (45-54, 55-64, and Z65 years) among participants of the 2010 BRFSS (N¼340,680).
Measures
The two ordinal outcome variables in the present study were (1) self-reported number of falls and (2) injuries resulting from the falls. Specifically, participants were asked for the first outcome variable, In the past 3 months, how many times have you fallen? Response options included the number of times a person fell in the past 3 months, none, or don't know. For the second outcome variable, participants were asked, How many of these falls caused an injury? By an injury, we mean the fall caused you to limit your regular activities for at least a day to go see a doctor. Response options included the numeric value of falls resulting in injury (injurious falls), none, or don't know.
The primary exposure of interest in the study was LTPA, which was derived from the question During the past month, other than your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise? Question response items were dichotomized into either those survey respondents who engaged in LTPA or those who did not.
Additional covariates included age, gender, race/ethnicity, educational attainment, marital status, household income, BMI (categorized as neither overweight nor obese [o25 kg/m 2 ], overweight [25-29.9 kg/m 2 ], or obese [Z30 kg/m 2 ]) 23 ; heavy alcohol use (categorized as a dichotomous yes/no for adult men having more than two drinks per day and adult women having more than one drink per day) 24 ; diabetes status (dichotomously categorized as affirmative by those who reported being told by a doctor they had diabetes) 25 ; cardiovascular disease category (dichotomously categorized as affirmative by those who reported being told by a doctor they had either a heart attack, coronary heart disease, or stroke) 26 ; and health status (dichotomized into excellent to good or fair to poor in response to the question Would you say that in general your health is-excellent, very good, good, fair or poor?). 27 
Statistical Analysis
We performed analyses stratified by three age groups (45-54, 55-64, and Z65 years) among individuals participating in the 2010 BRFSS who self-reported on their LPTA, falls, and those falls resulting in injuries. Descriptive statistics of the sociodemographic and health characteristics by fall and injury experience are presented in Table 1 . Univariate and multivariate Poisson regression models with empirical SEs were used to test the associations between LPTA, falls, and falls with injuries and estimate prevalence ratios (PRs) and 95% CIs. 28 An alpha level of 0.05 was considered statistically significant. All potential confounders were selected a priori and were included in the multivariable model regardless of the significance level. All analyses were performed using SAS, version 9.2, with adjustments for sample weights and survey design. We also calculated the proportion of adults by 2year age groups who self-reported two or more falls (recurrent fallers) and one or more injuries from falls ( Figure 1A 
Results
The sample characteristics of survey respondents and their fall experience in the previous 3 months are shown in Table 1 . Overall, 17% of participants experienced one or more falls in the previous 3 months, and 34% of the participants with one or more falls reported one or more injuries from falling. The proportion of participants reporting no fall in the previous 3 months was similar among participants aged 45-54, 55-64, and 75-84 years. This proportion was slightly higher for those aged 65-74 years and lower for those aged Z85 years.
When modeling falls using univariate Poisson regression, we found that adults aged 45-54 years who engaged in LTPA were significantly less likely to report one fall incident (unadjusted PR [UPR]¼0.80, 95% CI¼0.74, 0.88), and two or more falls (UPR¼0.49, 95% CI¼0.45, 0.54) when compared with adults in the same age group who did not engage in LTPA. A similar association was noted among adults aged 55-64 and Z65 years who engaged in LTPA, as they were significantly less likely to report one fall (UPR¼0.85, 95% CI¼0.79, 0.91, and UPR¼0.79, 95% CI¼0.75, 0.83, respectively) and two or more falls (UPR¼0.46, 95% CI¼0.43, 0.50, and UPR¼0.51, 95% CI¼0.47, 0.54, respectively) when compared with those age groups who did not engage in LTPA.
Univariate Poisson regression analyses for fall-related injuries showed that adults aged 45-54 years who engaged in LTPA were significantly less likely to report one injurious fall (UPR¼0.73, 95% CI¼0.66, 0.81) and two or more injurious falls (UPR¼0.38, 95% CI¼0.32, 0.44) relative to those aged 45-54 years who did not engage in LTPA. A similar association was noted among the older age groups (55-64 and Z65 years) in being less likely to report one injurious fall (UPR¼0.82, 95% CI¼0.75, 0.90 and UPR¼0.86, 95% CI¼0.81, 0.92, respectively) and two or more injurious falls (UPR¼0.48, 95% CI¼0.41, 0.56 and UPR¼0.54, 95% CI¼0.46, 0.65, respectively) relative to those who did not engage in LTPA.
Based on multivariable Poisson regression models, adults aged 45-54 years who engaged in LTPA were significantly less likely to report one fall (adjusted PR [APR]¼0.90, 95% CI¼0.81, 0.99) and two or more falls (APR¼0.84, 95% CI¼0.77, 0.93) relative to those adults who did not engage in LTPA (Table 2) . Similarly, adults aged 55-64 and Z65 years who engaged in LTPA were also significantly less likely to report one fall and two or more falls than those aged 55-64 and adults Z65 years who did not engage in LTPA.
Many other factors associated with self-reported falls were comparable in middle-aged adults and older age groups. Female gender in all three age groups was significantly associated with a higher proportion of one self-reported fall but not two or more falls ( Table 2) . Other demographic factors associated with higher selfreported falls were some college and college graduate education (versus less than high school diploma); Non-Hispanic white and multiracial non-Hispanic race; divorced, widowed, or separated status (versus married and unmarried couple); and household income o$15,000. Among health-related factors, obesity, cardiovascular disease, alcohol consumption, and fair/poor self-reported health were associated with a higher prevalence of self-reported falls.
When modeling falls resulting in injury using multivariable Poisson regression, adults aged 45-54 years who engaged in LTPA were significantly less likely to report one injurious fall (APR¼0.88, 95% CI¼0.78, 0.99) ( Table 3 ). However, this association was not statistically significant for respondents aged 55-64 and Z65 years. Prevalence of two or more injurious falls among those who engaged in LTPA was significantly lower as compared with those who did not engage in LTPA in all three age groups.
Female gender was associated with a higher prevalence of fall-related injuries among all the three age groups. Among other demographic variables, only household income o$15,000 was significantly associated with higher reports of fall-related injuries. Cardiovascular disease and fair/poor self-reported health were the only health-related factors significantly associated with a higher prevalence of self-reported fall injuries.
Lastly, when age was categorized by 2-year age groups, the protective effect of LTPA on two or more falls remained almost constant across all age groups ( Figure 1A) . The effect on one or more falls resulting in injury was also protective among almost all age groups ( Figure 1B ).
Discussion
Earlier studies have shown a protective effect of exercise on falls among older adults. 11, 15, 17, 18 In this first national study of U.S. middle-aged adults, we observed that middle-aged adults (age strata, 45-54 and 55-64 years) who engaged in LTPA were significantly less likely to report falls, as well as injuries from their falls, when compared with adults in the same age strata who did not engage in LTPA. We observed a similar association in older adults, where survey respondents aged 65 years and older who engaged in LTPA were less likely to report falls and injuries resulting from falls than those who did not engage in LTPA. To our knowledge, no previous studies have evaluated the association between LTPA and selfreported falls and fall-related injuries among middleaged adults. The findings are consistent with earlier studies, suggesting that physical activity and exercise are protective of falls and fall-related injuries among adults aged 65 years and older. [29] [30] [31] [32] Hence, we now document a similar association for middle-aged adults.
This study also documents that about 18% of participants aged 45-64 years reported falling at least once in the previous 3 months. Although prior studies have primarily investigated falls and injuries resulting from falls in older adult populations, none have focused on the effects of physical activity in the middle-aged strata of the working age adult life span (45-64 years) as in this report. More attention may need to be directed to the middle-aged adult population where approximately 21% in an earlier study (similar to our study findings) reported falling at least once in a 2-year period. 33 Given the trends toward increased sedentary behavior as worksites, homes, and public spaces have been evolving in ways that minimize human movement and muscular activity, 34 more investigation into the role of physical activity in protecting middle-aged adults from falls is needed. Regular physical activity may help reduce the prevalence of chronic diseases, such as cardiovascular disease, among middle-aged adults. [35] [36] [37] In this study, we found cardiovascular disease and self-reported health status were significantly associated with the risk of falls and fall-related injuries.
The results have important implications for prevention efforts in middle-aged adults. The 2010 U.S. Census reported that 81.5 million adults (26.4% of the population) were aged 45-64 years. 38 A 5% reduction in falls and injuries from falls in this age group would prevent the loss of approximately 20,000 DALYs in the U.S. 8, 9 Furthermore, in most developed countries, wage earnings are highest among individuals in their 40s and 50s. 39 Therefore, an injury and concomitant loss of income during this phase of the life course may lead to a significant economic impact at the individual level. Improved muscle strength training, balance, proprioception development, and maintenance via LTPA during middle-aged adulthood may be carried over when the individual gets older, and it may also aid in the reduction of falls and fall-related injuries in older adulthood.
We also observed strong relationships between demographic and health-related factors and the risk of falls and fall-related injuries. Several prior studies have reported female gender to be associated with a higher risk of falls and fall-related injuries. [40] [41] [42] In this study, female gender was associated with a higher risk of fallrelated injuries among both the middle-aged and older adult groups. Other risk factors for falls and fall-related injuries were also similar among middle-aged and older adults, including higher household income, which was protective against falls and injuries resulting from a fall. Other studies have documented an inverse relationship between income and falls. 43 Lower household income is associated with poorer living environments, poor health behaviors, and barriers to healthcare services, which may in turn affect health status and increase the risk of falling. 44 Among health-related factors, cardiovascular disease and self-reported health were associated with falls and fallrelated injuries in all three age groups. The apparent higher risk of falls and injurious falls among middle-aged and older adults with cardiovascular disease and self-reported health status is consistent with studies of falls among older adults with multimorbidity. 45 Alcohol consumption was associated with increased risk of falls but not fall-related injuries. However, the association between alcohol use, even in moderation, and injury in the general population is well established. For example, a study of more than 19,500 adults in Finland found a positive association between alcohol use and risk of injurious falls, strongest in younger adults. 46 More research is needed to better understand the relationships between demographic and health-related factors on the risk of falling and fall-related injuries among middle-aged and older adults.
Strengths and Limitations
This study adds to the literature as the first to examine associations between LTPA and self-reported falls and fall-related injuries among middle-aged adults using recent population-based data across multiple U.S. states. The relatively large and nationally representative sample of participants in the BRFSS provides good external generalizability to the experience of the U.S. population. We do note some important limitations of this study. First, the cross-sectional design does not allow assessment of the temporal relationship. Future studies need to examine the effect of LTPA on the future risk of falls and fall-related injuries among middle-aged adults.
Because the BRFSS is a telephone-based survey and the response rate is approximately 54%, there is the possibility of selection bias. In addition, the BRFSS questions related to falls had a 3-month recall period. The recall period could affect the reported prevalence of falls and fallrelated injuries. The Prevention of Falls Network Europe recommendations regarding fall data collection include prospective daily recording and a notification system with a minimum of monthly reporting. 47 Nonetheless, information on LTPA was asked before the fall and injury history was taken among participants of the BRFSS, which may limit the differential recall of LTPA by fall experience. Lastly, the definition of LTPA was based on self-report, and we did not have objectively measured data on the physical activity levels obtained from either work or leisure time. Owing to the limited information available on individual participant LTPA levels, the amount of LTPA needed to reduce the risk of falls and fall-related injuries could not be assessed in this study. Thus, the findings from this study warrant replication using more-detailed objective measures on LTPA.
Conclusions
There are well-established relationships between physical activity and fall prevention in the geriatric literature. 48, 49 However, the present findings suggest that engagement in LTPA is associated with lower reporting of falls and fall-related injuries among middle-aged adults (aged 45-64 years). This finding is particularly encouraging given the increasing knowledge of the positive effects that regular physical exercise has on other chronic health conditions. The public health impact of physical activity on falls and injury-related falls is particularly important within this critical segment of the U.S. population in terms of primary and secondary prevention efforts. Providers may now offer an additional positive benefit when encouraging middle-aged adults to remain physically active during their leisure time. Replicating this finding and exploring this protective association further can be achieved by including measures of falls and fallrelated injuries in future physical activity interventions.
